Clinical observations suggest that the experience of time phenomenology is disturbed in schizophrenia, possibly originating disorders in dynamic cognitive functions such as language or motor planning. We examined the subjective evaluation of temporal structure using an experimental approach involving judgments of simultaneity of simple, visually presented stimuli. We included a priming procedure, ie, a subthreshold presentation of simultaneous or asynchronous stimuli. This allowed us to evaluate the effects of subthreshold synchrony and to check for bias effects, ie, changes in the criteria used by the subjects to rate the stimuli. Primes were adapted to the responses of the subjects. Bias effects were thus expected to yield a change in the efficiency of the prime and to induce a change in the amplitude of the priming effect. Nineteen outpatients with schizophrenia and their individually matched controls participated in the study. In all tests, patients required longer delays between stimuli to detect that they were asynchronous. In other words, they judged stimuli to be synchronous even when their onset was separated by delays of 100 milliseconds and even more in some cases. These results contrasted with preserved effects of subthreshold synchrony. Our findings argue against the hypothesis that the patients' responses were influenced by biases. We conclude that the subjective evaluation of simultaneity/asynchrony is impaired in schizophrenia, thus leading to impairment in the phenomenology of event-structure coding. The method used in the present study provides a novel approach to the assessment of those disturbances related to time in patients with schizophrenia.
Introduction
Schizophrenia is a pathology with heterogeneous cognitive deficits and symptoms that appear to affect consciousness itself. Clinical observations suggest that the sense of conscious continuity is disturbed in patients, 1 indicating a disturbed time phenomenology. A number of recent commentaries have emphasized the explanatory power of the phenomenological approach to schizophrenia [1] [2] [3] [4] : time phenomenology is often considered in the terms described by Husserl, who described mental life as composed of 3 integrated types of moments; the past or ''retentional,'' the present or ''presentational,'' and the future or ''protentional.'' Integration of these moments is necessary to produce the wholistic sense of a continuous present. 5 Adoption of Husserl as a framework for understanding disturbed time phenomenology emphasizes the notion that experience of the phenomenological present must be considered as an integral of events in the past and those anticipated to occur in the future. This idea has been developed by Varela 6 in relation with neurophysiological constraints. He suggested that present-time consciousness is underpinned by the concurrent activity of multiple neuronal networks acting in concert by means of the synchronization of action potentials. The dynamics of this activity requires time, and as a consequence, the coding of each event has a certain duration and the coding of successive events can overlap. This process would generate the sense of a continuous present rather than of discrete moments. In the light of recent speculation concerning the role of impaired neuronal synchrony in schizophrenia, [7] [8] [9] it seems promising to consider that one outcome of impaired neuronal synchronization will be an impairment in the ability to maintain coherent or normal time phenomenology. We use here a novel experimental approach to measure variations in the magnitude of intervals of time during which events are judged to occur within a single phenomenological moment. 10 Aside from Husserl, natural variation in the temporal extent of the phenomenological present had been put forth by von Baer. 11, 12 Indeed, von Baer proposed a discrete interval of time that would correspond to a fundamental or elementary perceptual moment. This moment was estimated to have a duration of one-eighteenth of a second, a value discussed in similar terms by von Uexkü ll. 13 This value was corroborated experimentally by von Uexkü ll's collaborator, Brecher, 14 who examined stimuli presented in rapid sequences and found very reliable estimates of simultaneity thresholds (ie, the interval at which perception of a simultaneity gives way to the perception of a succession) at intervals of around 55 milliseconds. ''Windows of simultaneity'' of this order, while brief, are nonetheless intervals of time extending beyond physical simultaneity. As such, they may be considered equivalent to Husserl's notion of the integral of retentional, presentational, and protentional moments because they contain, simultaneously, events that are physically past and present. While one is unable to phenomenally differentiate past and present events, the same must also hold, at least in principle, for an event that occurs after another, ie, for future events.
It was assumed by von Baer 11 that the precise interval defining a window of simultaneity is of biological significance and is representative of the precise psychological and psychomotor timing of the organism in its natural environment. Accordingly, variations in the intervals defining a window of simultaneity may have profound and deleterious effects on the ability to correctly time events. These deleterious effects would further be troublesome for cognitive operations that require precise timing, eg, language, sensory-motor coordination, or motor timing. All these processes have been shown to be impaired in patients [15] [16] [17] [18] [19] [20] : eg, an action as simple as lifting a cup requires the fingers to be opened in time during the reaching movement, its weight and texture estimated before contact, and the cup gripped before it can be lifted correctly. For this sequence to be executed smoothly, the events must succeed each other precisely in time. Thus, a disturbed ability in timing different events may interfere with the smooth execution of even such a simple motor sequence. Previous studies have suggested the reach-togrip sequence to be impaired in patients. 15, 16, 21, 22 In the study described here, we investigated the interval of time over which 2 events would be viewed as a simultaneity by patients with schizophrenia. As far as we know, only 2 studies have explored the ability of patients with schizophrenia to discriminate simultaneous from asynchronous stimuli. 23, 24 Typically, 2 stimuli are flashed on the screen at different screen locations, and subjects decide whether the 2 stimuli are simultaneous or asynchronous. In a study by Schwartz et al 24 but not in that conducted by Foucher et al, 23 the stimuli were offset at the same time. This procedure provided the means to avoid an effect of apparent motion between stimuli. 25 However, only the study by Foucher et al 23 revealed a significant impairment in patients with schizophrenia, which might be explained by the fact that they tested 30 patients, whereas only 10 patients were tested in Schwartz et al's study. The results in study of Foucher et al 23 are consistent with our hypothesis that patients have difficulties in discriminating simultaneous from asynchronous stimuli. However, the possibility of biased responding was not eliminated. In the current study, we aimed to examine a plausible impairment in simultaneity judgment in schizophrenia but controlling for possible bias effects. We employed a paradigm developed by Elliott et al 26 in which 2 target stimuli, presented at separate monitor locations, change luminance either simultaneously or with an asynchrony. Elliott et al 26 also examined the effects of a subthreshold (ie, nondetected) synchrony signal presented within a premask and the effects this signal had on target simultaneity judgments. Synchrony signals within the premask were found to influence those judgments when changes in luminance were separated by very short asynchronies. 26 Importantly, using this paradigm, Elliott et al 26 found a mean target simultaneity threshold located at 59 milliseconds, which is very close to the value proposed by von Baer 11 and that subsequently corroborated by Brecher. 14 We considered that judging the simultaneity of 2 events involves the processing of information at multiple levels: the neuronal level, the perception and conscious realization of this information, decisional and response components-all of which may be altered in the pathology. A disturbance at a sensory level 27 or at the level of conscious realization 28 may both lead to a disturbance in phenomenological time. However, if either decision or responses are influenced, performance might appear to be impaired even if the subjective experience of simultaneity is in fact preserved. Additionally, the use of psychophysical procedures that require repeated measures and long periods of testing may in itself lead to impaired performance in patients. In this case, their responses may come to be based on factors other than their phenomenal experience and thus would be unreliable. The paradigm that was used here provided the means to take into account these different possibilities. Accordingly, we adopted the rationale that priming effects have been shown to be preserved in patients. [28] [29] [30] [31] [32] [33] We then undertook the task to assess the reliability of simultaneity judgments by evaluating the effects of the subthreshold premask, in which events occurred either synchronously or with a delay (asynchronously) but which could not be reported by observers and which should remain independent of any trends in judgments of phenomenal simultaneity. Under this condition, the synchronous or asynchronous presentation of premask stimuli is set below detection threshold by embedding their presentation within a sequence of flankers. The subsequent task required participants to judge the simultaneity or asynchrony of a second, above threshold change in the luminance of target stimuli. Elliott et al 26 have shown that this manipulation induces premask effects in healthy volunteers. If patients have a difficulty in giving an appropriate judgment, leading to patterns of biased responding, then their answer should be more susceptible to the influence of the premask and consequently the premask effect should be stronger in patients.
In sum, it is expected that patients will have difficulty to discriminate simultaneous from asynchronous stimuli and require longer intervals than healthy controls to detect asynchronies, whereas preserved priming effects would be evidence for unbiased answers. Such results, ie, unbiased answers associated with extended thresholds in simultaneity judgments, would be evidence for disturbed phenomenal experience of present time.
Methods

Participants
Participants were 19 stabilized chronic outpatients (6 women and 13 men; mean age = 30.6 years, SD = 6.1; mean level of education = 13.2, SD = 2.5) and 19 controls (6 women and 13 men; mean age = 30.1 years, SD = 6.7; mean level of education = 13.2, SD = 2.6) recruited in the University of Strasbourg Psychiatry Department. Controls, recruited from hospital staff, were individually matched with patients on gender, level of education, and age. Patients and controls were identical on level of education and age (all F 's < 1).
The project was approved by the local ethics committee, and informed written consent was obtained, before the study, from each patient and control subject in accordance with the recommendations of the Declaration of Helsinki. All subjects had normal or corrected-to-normal visual acuity.
Psychiatric diagnoses of the patients with schizophrenia and Positive and Negative Syndrome Scale (PANSS) scores were established by a senior psychiatrist from the University Psychiatry Department on the basis of semistructured interviews. Diagnoses fulfilled the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, criteria for diagnosis of schizophrenia. The mean scores for the PANSS were 17.5 (SD = 6.9) for the positive subscale, 21.2 (SD = 6.7) for the negative subscale, and 36.7 (SD = 12.7) for the global subscale. The mean total score for the PANSS was 75.4 (SD = 12.7).
The mean age at onset of schizophrenia symptoms was 21.3 years (SD = 3.7); the mean disease duration was 9.2 years (SD = 6.5); and the mean number of hospitalizations was 2.7 (SD = 2). The 19 patients were all receiving long-term neuroleptic treatment, administered in a standard dose (mean dose = 243 mg/day of chlorpromazine or chlorpromazine equivalents, SD = 135). 34 Three patients were receiving typical neuroleptics, and 16 were receiving atypical neuroleptics. Two were also receiving antiparkinsonian treatment, one trihexyphenidyl (5 mg), and one tropatepine (10 mg).
Equipment
The experiment was run on a Pentium4 PC equipped with a Cambridge Research Systems (Rochester, Kent, UK) visual stimulus generator, which was programmed in the C programming language using the VSG software library. Visual signals were presented on a Mitsubishi visual display monitor with vertical refresh rate set to 120 Hz. The monitor was calibrated using the Cambridge Research Systems OptiCAL photometer. The distance between the screen and the participants was held constant, at 100 cm, by means of a chinrest. Participants gave their response by pressing the ''F'' or ''J'' key on the keyboard, according to the asynchrony or simultaneity of the stimuli, respectively. Stimulus presentation occurred in an environment of low-intensity ambient light (0.1 cd/ m 2 ; windows were occluded, and day light did not enter the room).
Stimuli
Stimulus presentation was preceded by the presentation of a rectangular orientation frame of corner junctions, displayed for 500 milliseconds. This had the purpose to delimit a 13°3 13°square region at the center of the monitor within which all experimental stimuli were presented. Stimuli were presented following a randomly generated delay of 50-150 milliseconds from trial onset. The stimuli were 2 vertical gray bars, one on the right and one on the left of the center of the monitor; these bars were separated by 5°of visual angle. Each bar subtended 0.5°(horizontal) by 1.5°of visual angle. In order to reduce potential confounds introduced by stimulus transients, luminance was increased gradually for all stimulus onsets within 75 milliseconds Gaussian envelopes. In the main experiment, the bars changed luminance on 2 separate occasions and thus served the dual role of premask and target stimuli. During premask stimulus presentation, 6 flanking bars (hereafter referred to as flankers) were presented around the premask bars. This served as a mask for the first change in luminance. Three of these flankers were positioned around each premask bar (on the external side, above and below); they were separated from the premasks by 2°of visual angle. The flankers were of the same size than both premasks and targets but were oriented pseudorandomly at either 45°or À45°relative to the horizon (figure 1). The flankers increased luminance nonlinearly and then decreased nonlinearly to background luminance over a presentation interval of 75 milliseconds. By contrast, the targets increased luminance in an identical fashion to the premasks (from 0.02 to 12 cd/m 2 ) but then remained on display at the same luminance level until the end of the trial.
Procedure
As a first step, staircase procedures were run to determine 2 independent simultaneity thresholds. In both cases, subjects pressed on the F or J of the keyboard if they judged the bars as asynchronous or simultaneous, respectively. (1) The first staircase procedure was used to determine a lower simultaneity threshold in the absence of flankers. (2) The second staircase procedure was used to determine an upper simultaneity threshold in the presence of flankers. The lower simultaneity threshold represents the minimum interval between changes in bar luminance at which those changes would start to be considered to have occurred asynchronously, in the absence of flankers. The upper simultaneity threshold is located at the maximum interval at which bars are judged to change luminance simultaneously that was still below detection threshold in the presence of flankers. Simultaneity thresholds were indexed relative to the time of onset of the luminance increase and were measured in terms of barbar stimulus onset asynchrony (SOA), ie, the delay between time of onset of the 2 bars.
Both lower and upper simultaneity thresholds were determined by using a stochastic approximation adaptive procedure after Treutwein. 35 This follows usual psychophysical procedures, in which the 2 stimuli are first displayed with a SOA well above threshold and with SOA being reduced on a trial-by-trial basis until the subject gives a ''simultaneous'' response. Both lower and upper simultaneity thresholds were determined separately and on at least 2 occasions for each subject.
In the main experiment, the premask bars were once again presented within a pseudorandomized sequence of flankers that were rapidly switched on and off at locations flanking the premasks. However, unlike the procedure used to determine the upper simultaneity threshold, the changing luminance of the premask and the concurrent presentation of flanker bars were followed by a second increase in luminance at the location of the premask bars. This second change in (target) luminance was to be judged by participants as being either simultaneous or occurring with an asynchrony. This change in target luminance occurred systematically after the flankers had been switched off and was fully visible. In the main experiment, the SOAs between premask bars were set at 0 milliseconds in the case of a synchronous premask and, in the case of an asynchronous premask, within the range of SOAs circumscribed by the lower and upper thresholds. These SOAs are referred to as ''premask asynchronies'' in the remainder of the text. The second change in target luminance occurred 150 milliseconds after the change in premask luminance at which time there were no flankers present in the display. Target bars were presented at SOAs ranging from 0 milliseconds (ie, simultaneously) to 92, 184, 276, 368, or 460 milliseconds (depending upon the participant's performance). For each possible range, 12 SOAs were used (the interval between SOAs being a multiple of 8.3 milliseconds). For example, for SOAs ranging from 0 to 92 milliseconds, SOAs were equal to 0, 8, 17, 25, 33, 42, 50, 58, 66, 75, 84 , and 92 milliseconds. For SOAs ranging from 0 to 460 milliseconds, these SOAs were multiplied by 5. These SOAs are referred to as ''target SOAs'' in the remainder of the text. After increasing luminance, the target bars were maintained at the same luminance while participants were asked to judge whether they had changed luminance simultaneously or with an asynchrony (procedure illustrated in figure 2 ). It was important to adapt target SOAs ranges to each participant's performance in order to make sure that patients were attending to stimuli and followed instructions correctly. High rates of errors at the highest target SOA could be attributed either to a nonspecific difficulty to perform the task or figure 1 . The total duration of the prime presentation is adapted to the thresholds derived from the initial staircases, using the following formula: (3 3 (lower threshold þ upper threshold)/2) þ envelope duration. The envelope corresponds to the gradual increase luminance of the bars and has a duration of 75 milliseconds. The premask is said to be asynchronous when the 2 bars do not increase their luminance simultaneously, which is the case presented on the graph. The task of the participant is to decide whether the second increase in luminance is synchronous (SOA 5 0 milliseconds) or asynchronous.
to a real difficulty in discriminating asynchronous from simultaneous stimuli. With the present procedure, it was possible for us to make sure that patients followed the instructions correctly and attended to the stimuli only if the results show that patients reach similar numbers of errors as controls when target SOAs are long enough.
Participants were not informed and, although systematically asked, did not report having detected the first change in luminance. This suggests that the flankers had successfully masked the synchrony or asynchrony of the change in premask luminance and that effects of premask synchrony/asynchrony were implicit and not attributable to direct perception. The main experiment required 2 sessions of 5 blocks comprising 92 trials per block. All target SOAs were equally represented in random order, with 40 trials per condition (target SOA and premask). The order of the target bars was also equally represented across conditions and randomized across trials (first bar displayed on the right vs first bar displayed on the left).
Threshold Measurement in the Main Experiment
Preliminary inspection of the data revealed a high false alarm rate in the main experiment, evidenced by the high rate of asynchronous as compared with simultaneous judgments when premask bar SOAs were 0 milliseconds and the target bars were presented simultaneously (36% in controls and 41% in patients; these rates did not differ significantly between groups, F < 1). On this basis, the individual data were submitted to the following probability-based correction 26 :
where P(0) is the percentage of ''simultaneity response'' for ''subthreshold simultaneity'' (ie, a subthreshold SOA = 0). This transformation provides the means to ensure that all ''asynchronous responses'' taken into account in the following analysis cannot be attributed to false alarms, ie, a biased tendency to provide an ''asynchronous response.'' Thus, it eliminates the possible problem of a bias toward asynchronous responses. The thresholds were then derived from a linear adjustment between the SOAs and the corrected rate of ''simultaneous'' responses (rate of simultaneous responses = a 3 SOA þ b). Thresholds were calculated as the SOA corresponding to a rate of 50% simultaneous responses. No subject presented a flat response curve that would correspond to 50% simultaneous responses at all SOAs, ie, random responses. Thus, the rate of 50% simultaneous responses corresponded to an intermediate point between simultaneous and asynchronous responses. Given that the experiments were relatively long in duration, it might have been expected that the judgments of patients were less reliable than controls, ie, the rate of simultaneous responses would have decreased less regularly with target SOAs. This would have led to a lower adjustment rate between target SOAs and simultaneous judgments in patients than in controls. In fact, adjustment rates were good and equivalent in both groups (F < 1), as suggested by the corresponding linear regression coefficients (.83 and .81 in patients compared with .85 and .83 in controls, when the premasks changed luminance synchronously or asynchronously, respectively). These findings indicate that the threshold measurements are at least as reliable in patients as in controls. Except otherwise stated, the dependent variables were the thresholds.
Results
Initial Staircases
The initial staircases revealed overall longer thresholds in patients than in controls. An analysis of variance (ANOVA) was undertaken with group (patients vs controls) as a between-group variable and with flankers (staircase with vs without flankers) and repetition (first vs second staircase estimates) as within-group variables. This analysis showed a global effect of group, with thresholds being longer in patients than in controls (F 1,36 = 9.3, P < .005). There was no main effect of repetition, indicating that the results were stable across sample times (F < 1). The significant group 3 condition interaction (F 1,36 = 6.5, P < .05) revealed that the threshold without flanker was approximately twice as high in the patient group (50 milliseconds) than in the control group (26 milliseconds, F 1,36 = 5, P < .05). This result was also observed for the threshold with flankers (125 milliseconds in patients vs 58 milliseconds in controls, F 1,36 = 9.4, P < .005).
Main Experiment
In the main experiment, simultaneity thresholds were overall longer in patients (111 milliseconds) than in controls (59 milliseconds) (F 1,36 = 7.1, P < .05), both when the premask was synchronous (134 milliseconds in patients vs 69 milliseconds in controls; F 1,36 = 7.6, P < .01) and when the premask was asynchronous (89 milliseconds in patients vs 50 milliseconds in controls; F 1,36 = 5.8, P < .05) ( figure 3) . In both groups, thresholds were longer when the premask bars changed luminance synchronously (101 milliseconds) rather than asynchronously (69 milliseconds: F 1,36 = 33, P < .001). The difference between the 2 thresholds was higher in patients (45 milliseconds) than in controls (19 milliseconds), but this was mainly due to 2 patients showing substantially extended thresholds in both conditions (above 170 milliseconds for asynchronous premasks). When these 2 patients were removed from the analysis, the effect of premask condition on the threshold was not significantly different between groups (there was a difference of 33 milliseconds between the 2 thresholds in patients vs 19 milliseconds in controls, F 1,34 = 3.2, nonsignificant), but the thresholds were still longer in patients than in controls (89 vs 59 milliseconds, F 1,34 = 6, P < .05).
Priming Effect and Bias
If patients are biased toward simultaneous responses but perceive asynchrony as efficiently as controls, then the thresholds used for premask bars asynchronies should correspond to those asynchronies perceived by the patients. Hence, the asynchrony of the 2 premask bars should have a greater impact on the patients' judgments concerning target bars asynchronies, inducing a relatively high proportion of asynchronous responses. If this were the case, asynchronous premasks would bring about a decrease in the rate of simultaneous responses, as compared with synchronous premasks, leading to an artificially increased effect of premask synchrony/asynchrony. In order to test this hypothesis, we distinguished between premasks that changed luminance asynchronously at shorter SOAs within the intervals demarcated by lower and upper simultaneity thresholds and those that changed luminance asynchronously at longer SOAs (3 control participants were excluded from this analysis because there was only one value of premask SOA). As expected, thresholds decreased when the asynchrony between premasks was larger (F 1,33 = 20.1, P < .001). (This analysis was performed without the 2 patients with extended thresholds, but similar results were obtained when they were included.) This confirms that when the premask asynchrony approaches visibility subjects are more likely to give an asynchronous response to the change in target luminance. The magnitude of this decrease was identical in patients and controls (the threshold decreased by 15 milliseconds in patients, F 1,18 = 8.5, P < .01, and by 14 milliseconds in controls, F 1,15 = 17.8, P < .001).
In addition, we compared premask effects for all target SOAs that were used during the experiment by means of an ANOVA with groups as a between-group variable and SOAs (first to twelfth) and the premask (synchronous vs asynchronous) as 2 within-group variables. This time the dependent variable was the rate of ''synchronous'' responses. Premask effects were identical in patients and in controls with a difference of 11.5% in the rate of synchronous responses when the premask bars changed luminance synchronously as compared with when they changed asynchronously. Comparisons for each measurement (target SOA) yielded similar results (F's < 1.9) ( figure 4) .
Impact of the Flankers During the Main Experiment
The impact of the flankers during premask bar presentation was evaluated by (1) calculating the difference between the mean threshold observed in the main experiment and the initial threshold measured with the staircase procedure without flankers (ie, the lower simultaneity threshold) and then (2) by dividing this difference by the initial threshold obtained with the staircase procedure without flankers. The results showed that the increase in the threshold was numerically larger but not significantly different in patients (þ231%) and in controls (þ169%), F < 1. The numerical difference was due to a unique patient who was especially sensitive to the effect of flankers (>þ1300%). By excluding this patient from the analysis, results revealed a relative lengthening in threshold of þ169% in the patient group, lengthening that was not different from that observed in the control group.
Correlations
There were no significant correlations between performance and clinical ratings or neuroleptic dosage.
Discussion
This study reports consistently longer simultaneity thresholds in patients with schizophrenia relative to controls. This result is unlikely to come about due to a nonspecific factor, such as response bias or difficulty in completing long and tedious experimental procedures. The results are consistent with the hypothesis that patients with schizophrenia are subject to enlarged windows of simultaneity. Our findings are all the more remarkable in that the size of the simultaneity window appears to be very consistent across studies and populations. 14, 26 With our paradigm, we furthermore demonstrate that the enlarged window of simultaneity in the patients with schizophrenia is not due to a decisional bias effect or an attentional effect induced by the distracting bars.
When stimuli were simultaneous, both controls and patients showed the same bias to respond asynchrony. When stimuli were in fact asynchronous, we used the premask effect to evaluate the subjects' bias to respond simultaneity. The results in both controls and patients confirm that the largest premask asynchronies, ie, those closer to visibility, do increase the rate of asynchrony judgments. Now, if the lengthened simultaneity thresholds observed in patients in the initial staircase procedures were directly associated to biased responses, then the visibility of the asynchrony between changes in premask bar luminance should be greater because premask asynchronies are determined on the basis of these initial staircase procedures. Bias effects should thus have resulted in larger premask effects in patients than in controls, which was not the case. The normality of the premask effect in patients contrasts with their extended subjective thresholds, suggesting that longer thresholds in patients are not due to the effects of bias. (A decisional bias is usually evaluated by signal detection theory, which is difficult to apply in the present case, given that the situation of simultaneous bar onsets cannot be equated simply to a lack of asynchrony. Indeed, simultaneity can itself induce a specific subjective experience. We conducted the calculations nonetheless, for the SOA 50 milliseconds, that was used in every participant. Biases were found to be identical in both patients and controls.)
Another possible explanation for the impairment observed in patients may have been the use of flankers during the task. The greater distractibility of patients relative to controls has featured in the literature on schizophrenia for nearly 100 years [36] [37] [38] (although effects of distracters are reduced as compared with controls in some cases [39] [40] [41] ). In the present case, a higher distractibility may have impeded patients in focusing on the target bars and thus have artificially lengthened the patients' thresholds. However, patients showed lengthened thresholds during threshold determination even when there were no flankers. Second, the presence of flankers appeared to induce an increase in the thresholds in all participants-and in equal proportions for patients and controls.
We cannot exclude an effect of treatment, although there was no significant correlation between threshold and treatment dosage. A further caveat may have been difficulty to detect the increase in luminance on the part of the patients or a difficulty to attend to the stimuli due to aberrant eye movements. However, increasing luminance occurred well above detection thresholds, while the task was neither a detection nor a speeded response task. Consequently, performance should be little if at all influenced by impairments in contrast sensitivity. 42, 43 Additionally, because the increase in luminance is the same at all SOAs, it should have manifest in a global inhibition in target discrimination, irrespective to SOA. This was not the case. In the same fashion, aberrant eye movements would have impaired the detection of an asynchrony irrespective to SOA, thereby resulting in lengthened simultaneity reports at all SOAs: figure 2 shows that the psychometric function differs in patients relative to controls on the abscissa but not in terms of variation in response rates across target SOA. In fact, these functions appear almost identical, while patients do not make more false alarms and have more difficulty in providing a correct answer when the target SOA is above threshold. The quality of the functions in patients shows that the results are reliable in patients and argues against an explanation in terms of a role of impaired contrast detection, aberrant eye movements, or many other nonspecific effect in the present results.
The results may be thus interpreted in terms of a genuine impairment in simultaneity judgments in patients with schizophrenia. There is, to the best of our knowledge, no consensus on the existence of a dedicated brain system for the processing of time and even less so for simultaneity detection. 23 This impairment might rather reveal a disorder in generating or maintaining neuronal synchrony, as hypothesized by Varela, 6 and leading, in this perspective, to problems in maintaining normal time phenomenology. Elliott et al 26 argued that simultaneity detection is brought about by a distributed brain process, potentially including both posterior and anterior circuits. The impairment presented by patients with schizophrenia might thus be related to abnormal neuronal connections as described in patients by some observers (ie, the neuronal disconnectivity hypothesis [44] [45] [46] [47] ). This hypothesis is currently under investigation.
Although the relationship between the present pattern of results and known cognitive alterations remains speculative, it is tempting to propose that the timing deficit described in the present work reflects a generalized timing deficit that could influence other mechanisms. One possibility is that several impairments are related through an impaired discrimination of event structure over time. As emphasized in the introduction, distinguishing successive moments might be essential for consciousness to function efficiently. In fact, the existence of a true difficulty to distinguish events in function of time may originate the nonspecific slowing down reported in patients with schizophrenia in many experiments.
A disorder in properly timing event structures may influence language, given that temporal coordination is essential for articulating and linking words in the sentential context. Other impacts are plausible in everyday conditions. Temporal coordination is also essential for sequencing movements and linking auditory or visual events. All these activities require singular events to be distinguished from one another in time, and all these functions are known to be altered in patients with schizophrenia. [15] [16] [17] [18] [19] [20] Finally, it remains to be studied to which extent the present results are related to known impairments in other paradigms such as masking or duration estimation. The body of existing evidence shows that patients with schizophrenia present a general impairment in evaluating event duration. [48] [49] [50] [51] Yet, duration evaluation involves a memory component, and it has been suggested that both impairments are related in patients with schizophrenia. 49 In addition, the paradigms used in these studies generally concern durations largely above 50 milliseconds, and it is not completely straightforward how elementary time windows are related with the evaluation of longer time intervals. 52 Masking paradigms, in contrast, are based on the use of time intervals that are closer to the ones used here. It is now clearly established that patients are impaired at detecting masked information, ie, information followed by a mask after short delays. 27, [53] [54] [55] [56] [57] [58] [59] Using fusion critical tests, it has also been repeatedly shown that patients need larger intervals between 2 consecutive stimuli to discriminate the 2 stimuli. 60, 61 Most interestingly, such impairments have been observed in patients' relatives 62 and, in patients, to be related with high-level dysfunctions and social interaction. 63 However, masking and critical fusion experiments differ from the paradigm used here, in that they involve fusion in the dimensions of both time and space. Critically, the most popular explanation for patients' impairments in masking or fusion is a prolonged persistence effect of the first stimulus, which leads to fusion in both time and space with the second stimulus. 40, 64 Persistence means that the sensory signal is processed longer. In our paradigm, stimuli can only be distinguished on the basis of the stimulus onset, but persistence effects cannot have an impact because target bars remain on the screen once appeared. Hence, stimuli cannot be fused in space. In masking experiments, in contrast, signals may be fused in space but still be distinguished from one another in time, on the basis of their onset or offset. For example, subjects may not be able to locate or identify the masked stimulus but may still be able to report that there were 2 successive stimuli. It remains to be explored to which extent an additional difficulty to discriminate 2 successive stimuli through time is involved in the abnormalities observed in the masking paradigm with patients with schizophrenia.
In conclusion, our results show that patients with schizophrenia are impaired in discriminating simultaneous from asynchronous stimuli. This impairment is not due to a bias effect or to attentional disturbances. It may be related to a difficulty to correctly time phenomenological present. This concept has been developed by phenomenologists and would contribute to the rupture in the sense of continuity, as described at a clinical level in patients with schizophrenia. An inability to consciously distinguish successive events is likely to slow down and disturb both the perception of the external world and the production of properly timed thoughts, actions, or speech, at least at a conscious level. Work remains to be done, however, to understand how the deficit described in the present study is related to other deficits and thus to bridge the gap between the present experimental evidence and both clinical and neurophysiological disturbances observed in patients with schizophrenia. 
